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1.  SUMMARY 

In  this  report  the  scope  of  work  under  the  above  contract  is  reviewed  and 
the  progress  of  the  design  is  explained.  An  outline  of  the  proposed  research 
prototype  which  the  contractor  is  building  is  then  given,  followed  by  the 
results  of  feasibility  and  performance  potential  studies  for  the  subject  air¬ 
craft,  and  a  financial  statement  relating  to  the  work  accomplished. 


It  is  concluded  that  the  stabilization  and  control  of  the  aircraft  in  the  manner 
proposed  -  the  propulsive  jets  are  used  to  control  the  aircraft  -  is  feasible 
and  the  aircraft  can  be  designed  to  have  satisfactory  handling  through  the 
whole  flight  range  from  ground  cushion  take-off  to  supersonic  flight  at  very 
high  altitude.  Supersonic  tests  show  that  the  calculated  thrust  potential 
with  the  present  design  will  provide  a  much  superior  performance  to  that 
estimated  at  the  start  of  contract  negotiations,  with  a  top  speed  potential 
between  Mach  3  and  Mach  4,  a  ceiling  of  over  100,  000  ft,  and  a  maximum 
range  with  allowances  of  about  1,000  nautical  miles. 

Additional  tests  to  completely  substantiate  this  performance  are  shown  to 
be  required.  Development  and  production  aspects  are  briefly  reviewed 
and  an  outline  new  program  broader  in  scope  than  the  study  now  completed 
is  presented  (to  dovetail  with  the  development  envisaged),  together  with  an 
accompanying  cost  estimate.  This  estimate  covers  a  period  of  18  to  24 
months  in  the  total  amount  of  $3,  168,  000, 
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1.  INTRODUCTION 

The  work  statement  -  Exhibit  I  of  the  above  contract  -  specifies  "  analytical 
investigations  and  design  studies  to  determine  the  performance  capabilities 
and  design  features  of  a  flat  vertical  take-off  and  landing  aircraft"  ,  of  a 
new  type  proposed  by  AVRO  AIRCRAFT  LIMITED:  together  with  substan¬ 
tiating  tests.  This  contract  is  essentially  a  feasibility  study  and  "  design 
configuration  effort  shall  be  confined  to  the  minimum  required  for  demon¬ 
stration  of  principles  in  a  practical  application"  .  The  areas  for  test  and 
analysis  are  defined  as: 

(1)  Air  Cushion  effect 

(2)  Stability  of  multi-engine  configuration 

(3)  Air  Intake  and  gas  exhaust  system  test 

(4)  Aircraft  performance,  stability  and  control 

(5)  Radial  flow  engine  feasibility 

The  progress  of  work  has  been  reported  in  detail  in  ten  monthly  progress 
reports  of  which  the  first  group  were  summarized  in  an  interim  develop¬ 
ment  summary  report.  The  whole  period  is  covered  by  this  final  develop¬ 
ment  summary  and  the  work  under  this  contract  is  now  completed. 

Separate  technical  reports  have  been  prepared  on  each  of  these  five  areas, 
plus  three  further  separate  reports  covering  wind  tunnel  model  tests.  A 
general  technical  summary  I.  D.  No.  56RDZ- 13709  reviews  all  the  work 
done  during  the  year  from  the  technical  standpoint  and  outlines  the  current 
status  of  the  design. 
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At  the  start  of  contract  negotiations  the  proposed  design  (Fig.  1  on  the 
following  page)  was  for  a  jet-propelled  all-wing  aircraft  of  circular  plan- 
form,  embodying  a  new  arrangement  of  a  turbo-jet  engine  and  employing  jet 
control.  In  order  to  separate  the  engine  development  task  from  that  of  the 
airframe  an  intermediate  research  vehicle  employing  8  small  conventional 
turbo-jets  radially  disposed  like  the  spokes  of  a  wheel  was  also  proposed 
at  this  time  (Fig.  2).  An  alternative  final  development  to  the  large  radial 
engine  of  Fig.  1  was  also  suggested  (Fig.  3). 


At  the  beginning  of  the  contract  period  a  compromise  between  the  Fig.  1  and 
Fig.  3  designs  was  conceived,  having  a  superior  performance  to  either. 

This  ducted  fan  arrangement  -  while  preserving  the  radial  flow  and  circular 
planform  with  air  cushion  VTOL,  avoided  some  considerable  objections  to 
the  earlier  designs  and  also  gave  good  static  thrust-lift  efficiency  and  a 
very  thin  wing,  using  the  entire  depth  of  the  wing  between  skins  for  engine 
air  flow.  This  design  was  developed  under  contract  area  (5)  through 
several  mechanical  arrangements  to  the  form  shown  in  Fig.  4  and  has 
supplanted  the  earlier  designs.  In  view  of  the  relatively  minor  task  of 
developing  the  main  rotors  of  Fig.  4  by  comparison  with  the  engine  of  Fig.  1, 
the  idea  of  an  intermediate  vehicle  has  been  discarded  and  AVRO  AIRCRAFT 
LIMITED  is  proceeding  with  the  construction  of  the  aircraft  illustrated  in 
Fig.  4,  which  is  described  in  general  terms  in  the  next  section. 
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4.  PROJECT  704 

To  distinguish  it  from  the  work  covered  under  contract  on  Project  1794  the 
undertaking  to  build  the  aircraft  is  known  by  AVRO  AIRCRAFT  LIMITED  as 
Project  704. 

4.  1  Description 

Fig.  5  is  a  plan  and  section  drawing  of  the  aircraft.  It  is  35.  3  feet  in 
diameter;  stands  about  2  feet  off  the  ground,  measures  7.  7  feet  from 
the  lower  surface  to  the  top  of  the  canopy;  is  approximately  symmet¬ 
rical  in  section  and  is  expected  to  weigh  about  20,  000  lb.  with  5,  700 
lb.  fuel.  The  maximum  fuel  capacity  is  13,  150  lb.  giving  a  maximum 
weight  of  about  27,  000  lb. 

Six  Armstrong  Siddeley  Viper  turbo-jets  -  1,900  lb.  thrust,  22,0" 
overall  diameter,  525  lb.  weight  each  -  are  mounted  radially  in  the 
wing,  exhausting  inwards;  and  used  as  gas  generators  to  drive  a  pair  of 
contra-rotating  centrifugal  impellers  by  means  of  a  radial  inflow 
turbine. 

The  8  foot  diameter  impellers,  which  rotate  slowly  by  comparison  with 
conventional  centrifugal  turbo-jets,  draw  air  from  the  upper  and  lower 
intakes  and  force  it  radially  out  through  the  wing  between  the  Viper 
engines.  Some  of  the  air  thrown  out  by  the  impellers  is  directed  back 
to  feed  the  Viper  engines  (Fig.  6),  which  thus  behave  statically  as 
though  there  was  ram  pressure  from  forward  flight  on  their  air  intakes. 
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4.  1  The  air  is  diffused  in  the  wing  to  a  high  pressure  at  the  flame  holders 

(Cont'd) 

(Fig.  5),  where  fuel  may  be  added  to  augment  the  thrust,  and  is  then 
exhausted  through  pneumatically  controlled  shutters  or  gills  (Fig.  7) 
which  direct  the  jet  as  it  exhausts  all  around  the  aircraft  periphery; 
either  to  raise  the  aircraft  vertically  off  the  ground  or  to  propel  it  in 
forward  flight.  This  control  of  the  exhaust  direction  enables  the  jets 
to  be  used  for  manoeuvring  and  stabilizing  the  aircraft  in  all  flight 
conditions,  so  that  separate  additional  controls  are  not  required  to 
cater  for  vertical  take-off  and  hovering.  Thus,  for  instance,  to  pull 
up  the  nose  of  the  aircraft  the  pilot  will  control  the  shutters  by  means 
of  a  conventional  cockpit  stick  control  to  direct  the  jet  out  at  the  top 
of  the  wing  in  the  rear  sector  and  thrust  the  tail  down,  or  to  roll  he 
will  similarly  direct  the  jet  from  the  top  on  one  wing  and  from  the 
bottom  on  the  other.  For  stabilizing,  the  main  rotors  and  a  dia¬ 
phragm  are  used  to  sense  when  the  aircraft  pitches  in  a  gust  and  use 
is  made  of  the  jet  controls  to  correct  it.  Stabilization  through  the 
controls  is  essential  on  this  aircraft  since  the  centre  of  gravity  is  in 
the  middle  of  the  wing  at  1/2  the  chord  from  the  leading  edge,  whereas 
the  aircraft  would  only  be  stable  without  using  the  controls  if  the 
centre  of  gravity  were  about  at  the  1/4  chord  position.  The  change 
in  jet  direction  as  the  aircraft  pitches  performs  the  same  function  as 
the  fixed  stabilizer  of  a  conventional  aircraft. 


4.  2 


Operation 


To  take  off,  all  the  shutters  on  top  of  the  wing  are  closed  and  shutters!! 
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on  the  bottom  are  opened  wide.  Without  adding  fuel  to  augment  it. 


about  20,  000  lb.  thrust  is  produced  by  the  jets  pointing  downwards 
all  around  the  wing;  however  this  jet-around-wing  configuration  pro¬ 
duces  a  powerful  take-off  ground  cushion  so  that  the  lift  on  the  aircraft 
is,  in  fact,  increased  to  possibly  30,  000  lb.  ,  and  the  aircraft  rises  to 
about  20  feet  (Fig.  8),  where  the  ground  cushion  effect  falls  off 
rapidly.  For  pure  vertical  take-off  the  thrust  must  now  be  augmented 
and  the  exhaust  arrangement  modified  by  the  pilot:  however,  it  is 
envisaged  that  transition  to  forward  flight  will  normally  be  from  the 
ground  cushion.  By  operating  a  transition  control  the  pilot  leans  the 
jets  backwards  gradually  to  accelerate  the  aircraft,  and  raises  the 
nose;  with  the  thrust  less  than  the  weight,  the  aircraft  can  accelerate  and 
rise  into  free  air  a  short  distance  from  the  starting  point. 


In  forward  flight  ram  pressure  is  collected  into  the  air  intake  which 
increases  the  pressure  at  the  flam6  tubes  and  makes  burning  more 
efficient.  At  supersonic  speed  augmentation  is  always  used  euid 
because  of  the  large  mass  of  air  the  impellers  can  handle,  a  very 
large  thrust  and  high  top  speed  is  possible.  The  large  installed 
thrust  also  leads  to  a  high  thrust  to  weight  ratio  which  makes  a  very 
high  ceiling  possible.  The  efficiency  of  the  airframe  at  supersonic 
speed  appears  good  and  that  of  the  engine  reasonable,  so  that  a  long 
supersonic  cruise  range  is  also  forecast. 


For  landing,  either  a  fully  vertical  descent  may  be  made,  with  or 
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4.  Z  without  thrust  augmentation  from  a  hot  main  jet,  or  a  steep  approach 

(Cont'd) 

path  to  the  ground  chosen.  Transition  to  the  landing  condition  from 
in-flight  is  similar  to  the  take-off  transition.  The  nose  is  raised  and 
the  jets  transferred  to  the  undersurface  and  leaned  forward  collec¬ 
tively  to  rapidly  slow  the  aircraft  down;  as  the  speed  falls  close  to 
zero  the  nose  is  lowered  to  bring  the  aircraft  into  the  fully  hovering 
condition.  On  sinking  into  the  ground  cushion  the  pilot  must  then 
close  the  throttle  to  reach  the  ground. 


4.  3  Performance 

The  performance  of  the  first  prototype  will  initially  be  restricted  due 
to  a  Mach  No.  restriction  on  the  Viper  engines.  The  following  sum¬ 
mary  assumes  this  restriction  has  been  removed: 

At  1200°K  main  combustion  temperature,  * 

Max.  level  speed  (Fig  9)  Mach  p.  0 

Supersonic  ceiling  (Fig  10)  94,000  feet 

Altitude  for  normal  acceleration 

of  7.  33g  in  a  steady  turn  53,  000  feet 

Still  air  range  (full  internal  fuel) 
with  allowances  for  take-off  climb  and 
acceleration,  cruising  at  Mach  2.  25  at 

90,  000  feet  (Fig  1  1)  1,000  naut. 

miles 
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5.  DISCUSSION  OF  ACTIVITIES 

5.  I  Tests 

A  tabular  summary  of  the  following  is  given  at  the  end  of  this  report 

5.  1.  1  Wind  Tunnel  Tests;  A  program  of  wind  tunnel  testing  has  been 
carried  through  during  the  year  in  three  groups  as  follows: 

5.  1,  1.1  An  important  series  of  subsonic  tests,  involving  over  500  hours 
testing  time  and  34  weeks  tunnel  occupancy  has  been  carried  out 
on  a  l/6th  scale*  reflection  plane  model.  In  these  tests,  which 
were  done  in  the  20  ft.  diameter  Massie  Memorial  Wind  Tunnel  at 
Wright  Air  Development  Centre,  provision  was  made  for  simu¬ 
lating  air  intake  and  jet  exhaust  flows.  Fig.  12  is  an  illustration 
of  the  model.  Figs.  13,  14  and  15  are  photographs  of  the  model  eind 
associated  equipment.  Testing  covered  all  phases  of  subsonic 
operation,  including  static  ground  cushion  effect  tests  with  control, 
transition  to  forward  flight  with  control  in  proximity  to  the  ground 
and  in  free  air,  and  in-flight  tests  with  control  in  free  air. 


*  NOTE:  The  geometry  of  Project  704  is  slightly  different  to  that 

of  the  wind  tunnel  models  tested,  which  were  based 

upon  an  earlier  layout  of  an  aircraft  33  feet  dia.  with 
1^ 

3  "2  %  thickness/chord  ratio  wing.  Corrections  have 
been  made  to  the  performance  quoted  to  account  for 
the  difference. 
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Because  of  the  large  number  of  variables  -  speed,  transition  con¬ 
trol,  pitch  control,  jet  thrust,  intake  flow,  ground  position  and  angle  oJ 

attack  -  a  very  complex  program  was  required,  which  took  longer  to 

complete  than  was  anticipated.  (Tests  were  completed  June  14).  This 

has  caused  some  delay  in  the  production  of  final  technical  reports. 

Numerous  important  details  were  discovered  or  verified  by  these  tests 

broad  conclusions  are  as  follows: 

(i)  The  aircraft  Ccui  be  satisfactorily  controlled  during  take-off  and 

landing,  through  a  smooth  transition  to  or  from  forward  flight 

and  at  all  subsonic  speeds;  and  manoeuvred  through  a  satisfactory 

subsonic  flight  envelope.  (Fig.  16). 

(ii)  It  appears  that  with  the  thrust  less  than  the  weight  the  aircraft 

can  accelerate  and  rise  smoothly  into  free  air  a  short  distance 

from  the  starting  point.  However,  interpretation  of  the  data  is 

difficult  since  values  do  not  collapse  theoretically  in  the  very  low 

speed  range  andno  data  was  taken  very  close  to  zero  speed. 

(iii)  The  aircraft  has  a  high  subsonic  zero  lift  drag  coefficient  and 

although  it  has  a  remarkable  lift  efficiency  (due  to  the  jet 

effect  and  negative  margin)  its  subsonic  cruising  efficiency 

is  poor,  as  expected.  It  appears  well  worth  while  to  reduce 

subsonic  drag  in  order  to  improve  acceleration,  and  subsonic 

endurance.  (Fig.  17). 

Further  tests  with  this  model  are  required. 

(i)  To  obtain  transition  data  down  to  very  low  speed.  Even  low 
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accuracy  data  would  be  regarded  as  valuable  confirmation  of 
the  transition  flight  path. 

To  investigate  the  surface  pressure  distribution  on  the  air¬ 
craft  in  various  flight  conditions. 

To  investigate  control  scheme  modification  to  improve  trains- 
ition  control  characteristics  through  the  whole  angle  of  attack- 
ground  distance  range,  and  to  improve  subsonic  cruising 
efficiency. 

To  check  the  effect  of  simulating  the  exhaust  with  a  hot  jet  on 
the  drag  and  the  aerodynamic  characteristics,  (originally 
planned,  but  postponed). 

To  investigate  reducing  the  subsonic  drag  by  intake  modifi¬ 
cation. 

5.  1.  1.  2  Three  supersonic  models  have  been  tested  involving  76  hours  test 
time  and  eight  days  tunnel  occupancy.  These  tests  were  done  in 
the  Massachusetts  Institute  of  Technology  Naval  Supersonic 
Laboratory  18”  x  24”  section  supersonic  tunnel.  These  models 
were: 

(i)  A  sting  mounted  1/40  scale*  model  built  up  by  components, 
with  no  flow  simulation.  (Figs.  18  and  19). 

(ii)  A  1/23  scale*  reflection  plane  force  model, with  air  intake,  jet 

V _ _  flow  and  control  position  simulation.  (Figs.  20  and  21). 

*  See  footnote  at  bottom  of  page  20. 
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5.  1.  1.  2 
(Cont'd) 


(iii)  A  2/25  scale*  air  intake  pressure  recovery  model.  Figs. 
22  -  23). 


Broad  conclusions  from  these  tests  are  as  follows: 

(i)  The  aircraft  can  be  satisfactorily  controlled  and  manoeuvred 
from  engine  idling  to  maximum  thrust  at  supersonic  speed 
through  a  satisfactory  supersonic  flight  envelope.  (Figs. 

24  and  25). 

(ii)  The  drag  of  the  aircraft  agrees  quite  closely  with  the 

estimate.  (Fig  26). 

(iii)  The  supersonic  cruising  efficiency  appears  to  be  better  than 
had  been  expected.  (Fig.  27). 

(iv)  The  air  intake  pressure  recovery  is  better  than  the  estimate. 
(Fig.  28). 

Further  tests  with  these  models  are  seen  to  be  required: 

(i)  To  obtain  further  confirmation  of  the  aircraft  drag  with  the 
air  intake  running  full.  (The  evacuation  system  failed  to 
operate  to  the  planned  capacity  during  the  tests). 

(ii)  To  generally  extend  the  scope  of  the  data.  Due  to  the 
restricted  testing  time  a  too  abbreviated  program  had  to  be 
accepted. 

(iii)  To  carry  out  transonic  tests  on  the  sting  mounted  model. 
(Planned  but  not  achieved  due  to  detail  test  difficulties). 


*  See  footnote  at  bottom  of  page  20. 
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(iv)  To  develop  the  air  intake  boundary  layer  bleeding  system. 


This  is  a  simple  cusp  below  the  air  entry;  several  shapes 
were  tested  with  indication  that  considerable  further  improve¬ 
ment  is  possible. 

5.  1.  1.  3  A  number  of  small  scale  tests  was  carried  out  in  the  contractor's 
18"  X  18"  low  subsonic  and  8"  x  11"  supersonic  open  circuit 
tunnel  (Figs.  29  and  30)  as  follows: 

Preliminary  subsonic  transition  characteristics  (Fig.  31) 
Preliminary  subsonic  jet-trim  characteristics  (Figs.  32,  33 
and  34) 

Preliminary  supersonic  jet-trim  characteristics  (Fig.  35) 
Dynamic  behaviour  of  rate  and  displacement  stability  models 
(Figs,  36  and  37) 

Air  intake  internal  flow  model  (Fig.  38  39) 

The  preliminary  tests  were  carried  out  on  both  half-plane  and  full 
models.  The  results  were  such  as  to  justify  the  larger  scale 
program  which  was  then  embarked  upon,  and  no  important  con¬ 
clusions  not  validated  by  the  main  program  can  be  drawn.  These 
teats  have  therefore  not  been  reported  in  detail.  Illustrations  of 
the  models  appear  in  Figs.  31  through  39»  as  noted  above. 

Numerous  further  preliminary  and  ad  hoc  tests  on  other  small 
models  will  almost  certainly  be  required  as  design  and  develop¬ 
ment  proceeds. 
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FIG.  39  INTERNAL  FLOW  INTAKE  MODEL 
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The  dynamic  models  are  illustrated  in  Figs.  36  and  37.  These 


5.  1.  1.  3 
(Cont'd) 

did  not  give  quantitative  data;  in  general  the  following  behaviour  was 
observed: 

(i)  The  displacement  model  showed  static  stability  over  a  satis¬ 
factory  angle  of  attack  range,  the  angle  of  attack  being  con¬ 
trolled  by  the  port  setting  supplying  the  controlling  jets. 
Damping  was  poor,  attributed  to  the  restraint  in  the  model 
from  rise  and  fall. 

(ii)  The  rate  model  did  not  show  dynamic  stability  but  could  easily 
be  controlled  with  the  additional  pitch  damping  provided  by 
the  jets. 

The  present  design  incorporates  both  rate  and  displacement  signals 
(Page  l|l).  Additional  tests  and  dimensional  analysis  of  this  type 
of  model  is  desirable  to  investigate  the  dual  control  system. 

The  air  intake  internal  airflow  model  is  illustrated  in  Fig.  38-39. 
Due  to  a  series  of  delays  this  model  was  not  tested  until  late  in 
the  contract  period.  It  was  designed  to  obtain  data  on  the  pres¬ 
sure  recovery  and  flow  distribution  to  the  eye  of  the  impeller. 

The  following  broad  conclusions  were  reached: 

(i)  In  the  static  case  pressure  recovery  and  flow  distribution 
were  satisfactory  and  in  accordance  with  the  static  thrust 
estimate. 

(ii)  In  forward  flight  pressure  recovery  to  the  front  and  rear 
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sectors  was  satisfactory  but  flow  distribution  was  unsatis¬ 
factory  and  the  flow  was  not  directed  into  the  eye  of  the 
impeller  at  the  side  by  the  vertical  cascades. 

(iii)  Internal  flow  air  intake  tests  at  the  small  scale  which  the 

contractor's  tunnel  imposes  are  not  satisfactory.  Apart  from 
the  low  Reynolds  No.  ,  (particularly  based  on  the  chord  of  tiny 
cascades)  the  manufacturing  difficulties  of  obtaining  accurate 
flow  passages  are  severe. 


Further  tests  at  larger  scale  are  required  to  develop  the  internal 
air  intake  flow.  An  attractive  alternative  with  radial  cascades 
out  to  the  intake  edge  is  envisaged.  It  also  seems  likely  that  the 
intake  flow  will  be  much  improved  if  some  pre-swirl  into  the 
impeller  eye  is  allowed  and  this  is  seen  as  a  distinct  advantage 
in  the  design  of  the  impeller. 

Air  Cushion  Effect  Tests:  Apart  from  the  air  cushion  effect 
phase  of  the  l/6th  scale  subsonic  model  tests  (Page  20)  two 
series  of  tests  have  been  carried  out  at  Malton  on  a  static  rig. 
The  first  series  (Figs.  40  and  41)  was  done  on  10"  diameter 
models  and  the  second  (Figs.  42  and  43)  on  20"  diameter  models 
(four  times  the  area  and  mass  flow).  The  application  of  a  peri¬ 
pheral  jet  to  a  delta  shape  (Fig,  44),  the  unsatisfactory  result 
of  having  a  win^around- jet  configuration  (Fig.  45),  and  the 
effect  of  a  hot  central  exhaust  have  also  been  tested.  The  tests 
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that  have  been  carried  out  are  listed  in  Fig.  41  and  on  Pages  59 


5.  1.  2 
(Cont'd) 

and  60, 

Broad  conclusions  are  as  follows: 

(i)  There  was  very  little  change  in  the  ground  cushion  due  to  the 
change  in  scale. 

(ii)  The  lift  augmentation  extends  at  a  high  level  to  between  45 
and  60  percent  of  the  span,  as  much  as  1. 8  times  the  jet 
thrust  has  been  recorded  at  45  percent  span  from  the  ground. 
After  this  it  falls  off  rapidly  to  between  50  and  60  percent  of 
the  jet  thrust  in  free  air.  The  free  air  thrust  can  be  restored 
by  shutting  off  the  jet  over  local  arcs  around  the  perimeter. 

(iii)  The  air  cushion  is  found  to  be  affected  by  the  following: 

(a)  The  angle  the  jet  leaves  the  nozzle 

(b)  The  jet  aspect  ratio  (circumference/width) 

(c)  The  lower  surface  air  intake 

(d)  The  lower  surface  central  exhaust  (from  the  power  turbine) 

(e)  The  shape  of  the  lower  surface 

(f)  The  distcuice  apart  of  the  exhaust  nozzles 

It  has  not  been  found  that  moderate  changes  in  any  of  these 
parameters  makes  a  drastic  alteration  in  the  general  air 
cushion  characteristic,  although  the  detail  effects  have  been 
quite  considerable. 

The  design  of  the  aircraft  to  some  extent  prejudices  the  achieve¬ 
ment  of  the  optimum  ground  cushion  effect.  Fig.  46,  showing  the 
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5-  1-  2  difference  due  to  the  lower  surface  air  intake  is  regarded  as 

(Cont'd) 

typical.  Difficulties  have  been  encountered  in  achieving  complete 
similarity  to  full  scale  in  these  tests,  principally  those  of  matching 
the  three  flows  on  the  lower  surfaces  -  the  air  intake,  the  peri¬ 
pheral  jet  and  the  central  exhaust  -  and  of  obtaining  a  representa¬ 
tive  flow  into  the  air  intake.  Further  tests  are  therefore  neces¬ 
sary  so  that  the  exact  ground  cushion  effect  for  the  configuration 
with  full  air  intake,  hot  central  exhaust  and  exact  aircraft  nozzle 
geometry  can  be  obtained. 


Stability  and  Control  Tests:  Tests  relating  to  the  stability  and 
control  area  involved  the  collection  of  aerodynamic  and  control 
data  from  wind  tunnel  tests  and  have  been  noted  in  5.  1.  1. 


Further  tests  on  these  wind  tunnel  models  have  also  been  suggested 
in  that  section.  In  addition  the  following  tests  are  considered 
necessary: 

(i)  Transonic  aerodynamic  and  control  data  is  required;  for  which 
a  new  force  model  with  provision  for  air  intake  and  exhaust 
jet  flow  simulation  is  needed. 

(ii)  Rig  tests  to  determine  the  behaviour  of  the  pneumatic  system 
and  shutters,  particularly  the  speed  of  response,  are  required. 
A  simple  rig  containing  one  pair  of  nozzles  has  already  been 
constructed  (Fig.  47)  and  this  will  be  used  to  obtain  response 
data  and  to  develop  the  shutter  control.  The  final  stage  is 
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FIG.  47  SHUTTER  TEST-&  OSCILLATION  RIG 
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^  foreseen  as  a  peripheral  segment  attached  to  the  main  central 

(Cont'd) 

test  piece  the  contractor  is  planning  which  is  briefly  described 
in  section  8. 

NOTE :  It  is  pointed  out  that  the  work  statement  for  the  contract 
calls  for  six  component  aerodynamic  data.  However,  in 
view  of  the  extreme  difficulty  of  engineering  a  six  compon¬ 
ent  special  balance  with  provision  for  intake  and  jet  flow 
simulation,  the  models  tested  were  designed  and  approved 
for  the  measurement  of  lift,  drag  and  pitching  moment 
only.  Measurement  of  side  force,  rolling  and  yawing 
moments  is  considered  secondary:  particularly  for  this 
design  because  of  the  symmetrical  shape. 

5.1.4  Air  Intake  and  Gas  Exhaust  System  Test:  Two  of  the  models 

previously  referred  to  in  5.  1.  1  are  concerned  with  the  air  intake. 
With  regard  to  the  exhaust  system,  several  tests  have  been  done, 
as  follows: 

4.  1  45°  Full  Scale  Segment  Test  -  A  segment  of  the  proposed  inter¬ 
mediate  research  aircraft  of  Fig.  2  (Page  5)  was  constructed  and 
mounted  on  a  thrust  and  moment  balance  with  instrumentation 
for  pressure  and  temperature  measurement.  (Figs.  48  and  49). 

The  objectives  for  this  test  piece  were  to  obtain  - 

(i)  A  45°  segment  full  scale  air  cushion  effect  test. 

(ii)  Hot  jet  duct  behaviour.  ' 
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(iii)  Diffuser  efficiency. 

(iv)  Flow  and  temperature  distribution. 

(v)  Ground  temperatures. 

(vi)  Control  operation  data. 

This  segment  was  completed  before  the  ducted  fan  concept  had 

rendered  its  design  obsolete.  It  was  then  also  found  from  small 

scale  tests  that  the  air  cushion  effect  characteristic  was  drastic¬ 
ally  altered  for  a  45  segment  so  that  its  usefulness  for  full  scale 

air  cushion  test  also  appeared  marginal  and  in  view  of  the  1 /6th 

scale  wind  tunnel  model  being  available  for  ground  cushion  this 

was  discontinued. 

An  abbreviated  series  of  tests  were,  however,  run  on  this  segment 

to  determine  its  diffuser  efficiency.  Two  series  were  run,  the 

first  being  vitiated  by  failure  of  the  specimen.  A  re-run  after 

repair  yielded  the  general  conclusion  that  the  diffuser  pressure 

drop  was  not  measurable  with  the  local  instrumentation  provided 

and  is  probably  unimportant. 

^  Thrust  Recovery  Test  -  Tests  were  carried  out  on  a  two  dimenr 


1  JUNE,  19! 

sional  flow  model  (Figs.  50  and  51)  exhausting  substantially  at 

right  angles  to  a  supersonic  stream  to  see  how  much  of  the  thrust 

of  such  a  nozzle  was  recovered  in  the  stream  direction.  These 

tests  were  originally  applicable  to  the  propulsion  nozzle  scheme 

for  the  aircraft  of  Fig.  1  (Page  4)  but  have  a  general  interest  and 
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FIG.  50 
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reinforce  the  moment  augmentation  measured  on  the  1/23  scale 
supersonic  model. 

Broad  conclusions  were  as  follows: 

(i)  In  the  region  of  60%  of  the  thrust  of  a  plain  nozzle  facing  back¬ 
wards  in  the  same  model  and  having  the  same  pressure  ratio 
8ind  mass  flow  was  recovered  in  the  stream  direction  by  the 
right-angled  jet. 

(ii)  The  moment  produced  by  the  jet  exhausting  about  at  right 
angles  to  the  surface  into  the  supersonic  stream  was  1. 8  times 
the  moment  so  obtained  without  the  supersonic  stream  blowing. 

5.  1. 4.  3  End  Loss  Test  -  Considering  internal  losses,  the  following  regions 
may  be  isolated: 

(i)  The  air  intake  (section  5.  1.  1.  3) 

(ii)  The  centrifugal  compressor 

(iii)  The  diffuser  duct 

(iv)  The  flame  holder  and  combustion  section 

(v)  The  nozzle  end  loss 

Data  exists  from  which  the  centrifugal  compressor  efficiency  and 
flame  holder  pressure  losses  may  be  estimated  with  tolerable 
accuracy.  The  diffuser  loss  is  not  expected  to  be  high  since  the 
diffusion  angle  is  optimum  and  the  flow  straight  and  tests  appear 
to  confirm  this  (section  5.  1.4.  1).  The  nozzle  end  loss  is  thus 
prominent  as  a  point  of  doubt  and  data  is  lacking  as  to  the  loss 
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associated  with  this  type  of  sharply  accelerating  variable  corner. 

Since  the  45°  segment  was  no  longer  representative,  a  short  series 

of  tests  were  run  late  in  the  contract  period  on  a  moderately  repre¬ 
sentative  right  angle  bend.  This  rig  (Fig.  52)  consisted  of  the 

thrust  recovery  model  suitably  modified  and  fitted  to  the  ground 

effect  balance.  Thrusts  were  measured  before  and  after  bending 

at  the  same  pressure  and  mass  flow  and  the  loss  converted  to  a 

pressure  loss  factor  at  the  minimum  area  before  the  final  bend. 

Further  tests  are  required  on  a  fully  representative  larger  scale 

specimen.  A  l/3rd  scale  nozzle  end  loss  test  of  the  actual  air¬ 
craft  nozzle  is  proposed  and  is  now  being  manufactured  for  testing 

at  the  contractor's  facility. 

5.  1.  5 

Performance  tests:  Tests  in  favour  of  evaluating  performance 

are  principally  concerned  with  wind  tunnel  model  data  on  drag 

and  are  described  in  section  5.  1.  1. 

5.  1.  6 

Radial  flow  feasibility:  No  tests  have  been  carried  out  relative  to 

the  propulsion  system  per  se. 

5.  2 

Design  Study  and  Theoretical  Analysis 

5.  2.  1 

Ground  Effect:  An  attempt  was  made  to  calculate  the  ground  cush- 

ion  effect  theoretically  by  assuming  a  flow  structure  similar  to 

that  observed.  A  curve  of  the  right  general  form  was  obtained. 
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5.  2.  1  However,  the  high  point  at  half  span  from  the  ground  could  not  be 

(Cont'd) 

predicted.  No  detailed  effects,  such  as  that  of  jet  angle,  have 
been  attempted  theoretically. 

5.  2.  2  Stability  and  Control  Analysis:  For  stability,  aerodynamic  and 
control  derivatives  and  basic  airplane  data  were  taken  from 
preliminary  tests  and  studies  since  there  has  not  been  sufficient 
time  to  re-work  the  analyses  on  the  basis  of  the  wind  tunnel  tests 
of  section  5.  1.  1,  and  the  latest  airplane  quantities.  However,  the 
preliminary  values  are  sufficiently  accurate  for  a  clear  picture 
of  the  basic  longitudinal  stability  problem  to  be  obtained.  During 
the  course  of  the  year  the  preferred  system  for  operating  the 
shutters  to  control  the  jets  to  obtain  artificial  stability  has 
developed  through  the  hydraulic  system  with  mechanical  linkage 
to  the  pneumatic  system  with  the  actuation  built  into  the  shutter 
itself  and  also  providing  cooling.  (Fig.  7,  Page  12).  Both  sys¬ 
tems  have  been  examined  theoretically  and  it  appears  that  the 
pneumatic  system  will  give  a  faster  response  also. 

The  following  analyses  have  been  made: 

(1)  Longitudinal  stability  of  the  aircraft  using  a  simple  control 
equation. 

(2)  Longitudinal  stability  of  the  aircraft  using  a  second  order 
control  equation. 
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(c)  Lateral  stability  of  the  aircraft  using  a  second  order  control 
equation. 

(4)  Estimate  of  the  time  constant  of  the  pneumatic  control  system, 

(5)  Longitudinal  transient  response  characteristics  of  the  air¬ 
craft  and  control  system  using  a  simple  time  lag  transfer 
function. 

(6)  Hovering  stability  and  control. 


General  conclusions  which  can  be  drawn  from  these  studies  are 

as  follows: 

(i)  It  appears  that  the  stability  and  control  system  proposed  can 
be  satisfactorily  developed  to  provide  flying  qualities  similar 
to  those  of  conventional  airplanes. 

(ii)  There  is  sufficient  control  power  in  the  jet  controls  to  achieve 
stability  over  the  whole  flight  range  up  to  extreme  altitudes 
from  low  speed  at  sea  level  to  very  high  speed  at  extreme 
altitude  (90-100,000  feet). 

(iii)  In  contra-distinction  of  the  aircraft  of  Fig.  1,  Page  4,  there 
are  no  gyroscopic  reactions  on  the  aircraft  from  the  main 
rotors,  since  these  are  balanced  by  the  contra-rotation;  and 
only  used  to  provide  a  measure  of  the  rate  of  pitch  or  roll. 


5.  2.  3  Air  Intake  and  Gas  Exhaust  Systems:  The  analyses  made  under 
this  heading  have  been  devoted  to  the  study  of  test  results  and 
have  already  been  described' in  section  5.  1,4, 
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NOTE:  The  Work  Statement  for  the  contract  calls  for  studv  into 

"  The  effect  of  flow  distortions  on  blade  vibration  and 

engine  performance"  .  This  is  no  longer  applicable  to  the 

subject  aircraft  in  its  present  form.  Therefore  no  anal¬ 
ysis  has  been  made. 

5.  2.  4 

Aircraft  Performance:  Estimates  for  performance  have  been  made 

for  the  subject  aircraft  at  each  development  stage,  consisting 

principally  of  thrust  and  drag  analyses  and  estimates  and  calcu¬ 
lations  of  the  resulting  performance  characteristics. 

The  performance  of  the  six  Viper  research  aircraft  "Project  704" 

is  superior  to  the  earlier  designs  by  a  wide  margin. 

Drag  analyses  have  now  been  confirmed  by  supersonic  tests  and 

the  resulting  performance  has  already  been  summarized  earlier 

in  this  report  under  section  4.  3,  Figs.  9  through  11. 

5.  2.  5 

Radial  Flow  Feasibility:  A  considerable  amount  of  design  study 

has  been  carried  out  in  developing  the  desired  type  of  propulsion 

system  to  the  form  shown  in  Fig.  4,  Page  7.  To  illustrate  this 

Figs.  53,  54  and  55  are  shown  on  the  following  pages,  together 

with  a  repeated  Fig.  4  for  comparison.  These  depict  the  config¬ 
urations  explored.  Briefly,  the  initial  proposal  of  Fig.  53  fitted 

three  Viper  engines  with  their  jets  facing  outboard  and  exhausting 

over  small  arcs  of  the  periphery.  A  large  percentage  of  the  mass„c> 

/o 
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5.  2.  5 
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flow  was  bled  from  these  engines,  separately  combusted  and 

exhausted  through  a  large  diameter  turbine  attached  to  the  tip  of  a 

single  stage  axial  impeller,  as  can  be  seen  in  the  drawing  of  Fig. 

53.  A  large  mass  flow  of  air  was  driven  through  the  wing  by  this 

impeller  and,  with  provision  for  secondary  combustion,  exhausted 

over  the  wide  sectors  in  between  the  Viper  engines.  For  forward 

flight  the  impeller  was  by-passed  altogether  and  the  aircraft 

became  a  pure  ramjet.  It  was  thus  strictly  a  high  mass  flow  ducted 

fan  arrangement  for  take-off  and  ramjet  for  supersonic  flight.  The 

difficulties  with  the  impeller  turbine  arrangement,  expected  poor 

transition  characteristics,  and  low  thrust  at  subsonic  speeds  were 

principal  objections  to  this  scheme. 

In  the  aircraft  of  Fig.  54  a  single  large  centrifugal  impeller  was 

used  and  driven  by  four  Rolls  Royce  R.  B.  108  engines;  mounted 

vertically  in  a  close  cluster  in  the  centre  of  the  aircraft  with  their 

exhausts  facing  upwards  and  used  as  gas  generators  to  power  a 

large  diameter  radial  out-flow  turbine,  which  formed  cin  integral 

part  of  the  centrifugal  impeller.  Considerable  analysis  of  this 

propulsion  unit  was  made  (Area  Report  No.  5  -  AVRO/SPG/TR 2) . 

The  arrangement  appeared  very  promising,  the  principal  objection 

being  centred  in  the  mechanics  of  the  main  rotor  and  the  position 

of  the  turbine  exhaust. 

The  aircraft  of  Fig.  55  was  "then  studied.  In  this  the  engines  were 
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reversed  to  exhaust  downwards  through  a  relatively  small  diameter 
axial  flow  turbine.  This  turbine  was  mounted  on  a  central  shaft 
and  drove  a  similar  large  centrifugal  impeller  through  a  big  reduc¬ 
tion  gear  at  the  top  of  the  aircraft.  This  propulsion  system  was 
also  analysed,  (Area  Report  No.  5  AVRO/SPG/TR26).  The  reduc¬ 
tion  gear  was  required  to  transmit  in  the  region  of  16,  000  H.  P. 
for  take-off  and  the  impeller  structure  was  somewhat  unwieldy. 
These  development  problems  appeared  quite  manageable.  How¬ 
ever,  the  engine  supply  position  for  the  Rolls  Royce  R.  B.  108,  or 
any  alternative  sufficiently  short  to  fit  upright  in  the  small 
research  airplane,  was  rather  doubtful.  A  design  was  therefore 
sought  which  would  enable  a  bona-fide  off-the-shelf  engine,  such 
as  the  Armstrong  Siddeley  Viper  to  be  used  and  this  resulted  in 
the  aircraft  of  Fig.  4,  Page  82. 

In  Project  704,  as  described  in  section  4,  the  main  centrifugal 
impeller  has  been  split  into  two  halves  moianted  directly  off  a 
central  shaft.  The  Viper  engines,  which  are  too  long  to  fit  ver¬ 
tically  in  the  aircraft,  are  laid  flat  in  the  wing  and  drive  the 
impellers  through  a  radial  in-flow  turbine  exhausting  downwards. 
Project  704  thus  avoids  a  development  problem  of  a  very  large 
reduction  gear  and  provides  a  superior  impeller  structure  and 
bearing  arrangement.  This  propulsion  system  is  different  from 
the  earlier  design  in  that  the  engine  intakes  are  pressurized  by 
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5.  2.  5 
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the  main  impellers  so  that  the  propulsion  unit  thermodynamically 

resembles  a  two  spool  by-pass  gas  turbine.  To  provide  high  static 

thrust  efficiency,  and  the  very  large  air  swallowing  capacity 

required,  the  by-pass  ratio  is  very  high  (5  to  1).  An  analysis  of 

the  thrust  and  specific  fuel  consumption  to  this  power  plant  over  a 

wide  range  of  operating  conditions  is  presented  in  Area  Report 

No.  5  (AVRO/SPG/TR14). 

The  static  thrust  efficiency  is  illustrated  by  the  chart  Fig.  56: 

this  chart  shows  four  methods  of  obtaining  12,000  lb.  vertical 

lift  (without  ground  effects)  lying  on  a  curve  illustrating  the  vari¬ 
ation  of  H.  P.  required  with  "jet"  mass  flow.  Most  efficiently, 

a  very  large  mass  flow  is  used,  as  in  the  helicopter  in  which  the 

jet  is  the  whole  flow  passing  through  the  rotor.  The  next  alter¬ 
native  is  the  convertaplane  shown  which  has  a  much  smaller  rotor 

and  "jet"  but  also  has  a  greater  speed  range.  In  direct  jet  lift 

(4)  a  very  concentrated  jet  is  used  but  this  is  seen  to  be  extrav¬ 
agant  in  H.  P.  required  and  fuel  consumed.  Project  704  is  repre¬ 
sented  as  requiring  less  than  half  the  H.  P.  of  direct  high  energy 

jet  lift.  It  is  clear  from  this  curve,  however,  that  some  cross¬ 
over  point  occurs  where  the  "jet"  is  ducted  within  rather  than 

around  the  aircraft  and  a  large  internal  mass  flow  can  still  be  used 

for  static  lift.  Equally  when  the  large  mass  flow  can  be  ducted 

through  the  aircraft  it  can  also  be  reheated  to  produce  a  very  large 

installed  thrust.  85 
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6.  TABULATED  LABOUR  h  COST  SUMMARY 

The  cost  summary  covers  the  period  July  1st,  1954  to  June  1st,  1956  and  details 
separately  the  costs  incurred  during  the  anticipatory  period  -  July  1st,  1954  to 
April  1st,  1955.  The  manhours  and  costs  of  each  of  the  five  areas  of  Investigation 
incurred  during  the  contract  period  -  April  2nd,  1955  to  June  1st,  1956  -  are  as 
follows: 


AREA  OF  INVESTIGATION 


MANHOURS 


COST 


TOTAL 


Air  Cushion  Effect  &  Test 

-  Engineering 

-  Manufacturing 


2,395.00  ^13,021.76 

1, 877. 50  11. 507.  23 

4,272.50  .jf24,  528.  99 


Stability  &  Control  Analysis 
&  Test 

-  Engineering  24,080.00 

-  Manufacturing  33,  775.  00 


137,  430.  11 
187,  502.  27 

57,855.00  324,932.38 


Air  Intake  &  Gas  Exhaust 
System  Test 

-  Engineering 

-  Manufacturing 


4,  246.  25  ^  19,  406.  63 

6,  870.  75  42,  710.  44 

11, 117. 00 


62,  117.  07 


Airplane  Performance  Analysis 
&  Test 

-  Engineering 

-  Manufacturing 


2,  776.  25  ^  14,  239.  85 

603.  25  3,  159.  22 

3, 379. 50 


17,  399.  07 


Radial  Flow  Engine  Feasibility 

-  Engineering 

-  Manufacturing 


4,  097.  25 


4,  097.  25 


80, 721. 25 


^  24,  933.  88 
(13.  62) 


24,  920.  26 


^  453,  897.  77 


These  costs  ($453,  897.  77)  together  with  the  costs  for  the  anticipatory  period 


($287,921.22)  aggregate  to  the  total  of  $74^  81 8.  99  -  leaving  a  balance  of  funds  at 
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the  end  of  May  1956  amounting  to  $19,  824.  00  and  this  is  anticipated  to  be  adequate 
to  cover  the  cost  of  producing  the  remaining  reports  required  under  the  terms  of 
the  contract. 
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TABULATED  LABOUR  AND  COST  SUMMARY 

July  1,  1954  -  June  1,  1956 
(including  anticipatory  costs) 


ENGINEERING 

Hours 

Expended 

Production 

Labour 

Expe  r  imental 
Labour 

Salaries 

Material 

Direct 

Charges 

Applied 

O/Head 

Admin 

O/Head 

Total 

Cost 

Anticipatory  Period 

29, 867. 75 

73, 311. 38 

29.  30 

- 

80, 199. 88 

8,  109.  36 

161, 649. 92 

Air  C 

ushion  Effect  Test  and  Analysis 

2,  395.  00 

5.  991.  08 

- 

- 

6,  078.  43 

952.  25 

13,  021.  76 

Stability  and  Control  Analysis  and  Tests 

24, 080. 00 

61, 194. 51 

136.  82 

1, 332. 00 

65.  768.  93 

8,  997.  85 

137,430.  11 

Air  Intake  and  Gas  Exhaust  System  Tests 

4,  246.  25 

9,939.  32 

57.  88 

- 

7,417.  99 

1, 991.  44 

19,406.  63 

Aircr 

■aft  Performance  Analysis  and  Tests 

2,  776.  25 

6,  529.  97 

- 

- 

6,  676.  70 

1,  033.  18 

14, 239. 85 

Radial  Flow  Engine  Feasibility 

4,  097.  25 

1 1,468.  15 

- 

- 

11 , 886. 68 

1, 579. 05 

24,  933.  88 

ENGINEERING  TOTAL 

67,462.  50 

- 

- 

$168, 434. 41 

$  224. 00 

$  1,332.00 

$178, 028. 61 

$22,  663.  13 

$370,  682.  15 

MANUFACTURING 

Anticipatory  Period 

20. 318. 75 

7,  703.  66 

28,  183.  16 

6,  341.  10 

21,910.  83 

6,  007.  13 

49,  807.  59 

6,  317.  83 

126,  271.  30 

Air  C 

ushion  Effect  Test  and  Analysis 

1,  877.  50 

167.  94 

3,  574.  38 

50.  37 

353.  82 

1, 764.  52 

4,  744.  49 

851. 71 

11,  507.  23 

Stability  and  Control  Analysis  and  Tests 

33,  775.  00 

8,.066.  05 

56,  601. 99 

3,  715.  04 

14. 374. 28 

4,  048.  01 

88,  375.  86 

12,  321. 04 

187.  502.  27 

Air  Intake  and  Gas  Exhaust  System  Tests 

6,  870.  75 

1, 370. 52 

11. 630. 58 

800. 49 

6,  174.  94 

3,  304.  21 

16,  217.  49 

3,  212.  21 

42,  710.  44 

Aircr 

■aft  Performance  Analysis  and  Tests 

603.  25 

41.  27 

930.  16 

305.  11 

44.  88 

- 

1, 625.  35 

212.  45 

3,  159.  22 

Radial  Flow  Engine  Feasibility 

- 

- 

- 

- 

(8.25) 

- 

(23.  83) 

18.46 

(13.  62) 

MANUFACTURING  TOTAL 

63,  445.  25 

$17. 349. 44 

$100,  920.  27 

$  1 1, 212. 11 

$42,  850.  50 

$15.  123.  87 

$160,  746.  95 

$22,  933.  70 

$371,  136.  84 

GRAND  TOTAL 

130,  907.  75 

$17. 349. 44 

$100,  920.  27 

$179,  646.  52 

$43,  074.  50 

$16,455.  87 

$338,  775.  56 

$45,  596.  83 

$741,  818.  99 

All  Amounts  shown  are  in  Canadian  Currency 
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1.  DEVELOPMENT  AND  PRODUCTION  ASPECTS 

Project  704  is  much  simpler  to  manufacture  than  more  conventional  type 
aircraft  and  can  therefore  be  produced  at  a  much  lower  cost.  Due  to  its 
symmetry  of  form,  there  are  a  greater  number  of  identical  detail  parts 
and  component  assemblies  than  there  are  in  a  conventional  type  of  aircraft, 
Fig.  4,  Page  7  .  This  means  that  a  much  smaller  range  of  tools  is  re¬ 
quired  to  build  the  machine.  Processing  time  is  reduced  and  a  very 
economical  ratio  of  tools  per  detail  part  is  achieved. 


The  airplane  is  broken  down  into  six  identical  segments,  each  containing 
one  of  the  Viper  engines  and  each  of  which  can  be  built  in  the  same  com¬ 
ponent  jig.  A  single  large  jig  can  then  be  used  to  assemble  the  identical 
segments  and  these,  when  married  up,  constitute  about  90%  of  the  total 
airframe.  The  symmetry  of  form  and  repetitive  construction  leads  to 
economy  throughout  development;  not  only  is  tooling  economical  but  design, 
planning  and  all  phases  of  development  time  are  reduced. 

Development  of  Project  704,  as  currently  envisaged,  is  to  proceed  with  the 
construction  of  a  single  prototype  in  the  shortest  possible  time  with  only 
essential  pre-flight  development  tests  being  carried  out.  The  prototype 
will  initially  be  constructed  without  the  outer  combustion;  the  initial  test 
flying  will  be  done  "cold"  ,  proving  the  aircraft  through  the  vertical  take¬ 
off,  ground  cushion  transition  and  low  subsonic  speed  regimes.  It  is 
envisaged  that  development  of  the  main  combustion  system  will  proceed 
concurrently  however,  and  combustion  will  eventually  be  fitted  to  this 
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* 

prototype  aircraft  which  should  then  be  capable  of  developing  high  thrust  and 
reaching  supersonic  speed;  but  will  be  limited  to  a  top  speed  of  Mach  1.  74 
by  the  Viper  engine. 

Development  of  the  full  top  speed  potential  is  unlikely  to  be  achieved  until 
a  second  or  third  prototype  has  been  completed.  The  subsequent  aircraft 
may  employ  developed  Viper  engines  or  alternative  power  plants  in  a 
similar  category  and  will  probably  be  of  all  steel  construction. 

The  first  prototype  will  have  a  steel  outer  wing  and  steel  main  rotors  and 
turbine,  but  the  central  portion  of  the  aircraft  will  be  constructed  princi¬ 
pally  of  light  alloy.  A  programme  of  work  covering  the  tests  expected  to 
be  required,  including  a  rig  to  cover  the  qualification  of  the  power  plant 
as  a  complete  unit,  is  given  in  the  next  section. 


1  JUNE,  1956 


97 


/ii/jiro  /uRC/t/n^r  i/m/T£o 


8.  NEW  PROGRAMS  REQUIRED 


PROJECT  1794 


A  tabular  summary  and  cost  forecast  for  the  following  is  given  in  section  9. 


8.  1  Test  Program 

8.  1.  1  Wind  Tunnel  Tests 

8,  1.  1.  1  Supersonic  Tests  eind  Analysis  -  Overhaul  and  modify  the  existing 

l/23rd  scale  supersonic  force  model.  Re-design  the  air  evacuation 
system,  coordinate  installation  and  conduct  tests  to  complement 
the  program  already  completed.  Reduce  data  and  prepare  reports 
(approximately  60  hours  tunnel  time  required). 

Further  testing  is  required  on  Supersonic  Sting  mounted  1/40  scale 
model  to  obtain  transonic  component  drag  data. 

8.  1.  1.  2  Transonic  Tests  and  Analysis  -  Design  and  manufacture  a  half¬ 
plane  transonic  force  model  similar  to  the  existing  1 /6th  scale 
subsonic  and  l/23rd  scale  supersonic  models.  (A  l/l2th  scale 
model  for  installation  in  the  10  foot  diameter  transonic  tunnel  at 
Wright  Air  Development  Centre  is  suggested).  Design  an  instal¬ 
lation  rig  to  suit  the  tunnel  facilities,  complete  with  model  control 
mounting,  balance  devices  and  suitable  instrumentation  for  force 
and  pressure  measurements.  Coordinate  installation  and  conduct 
tests  in  accordance  with  a  prepared  program.  Reduce  data  and 
prepare  reports.  (Approximately  200  hours  txannel  time  required). 

8.  1.  1.  3  Subsonic  Tests  and  Analysis  -  Overhaul  and  modify  the  existing 

l/6th  scale  subsonic  force  model  and  also  the  existing  model  con¬ 
trol  mounting  and  installation  rig.  Revise  the  instrumentation. 
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coordinate  installation  and  conduct  tests  in  the  20  foot  Massie 
Memorial  tunnel  at  Wright  Air  Development  Centre  to  complement 
the  program  already  completed.  Reduce  data  and  prepare  reports. 
(Approximately  200  hours  tunnel  time  required). 


8.  1.  1.4  Internal  Air  Intake  Flow  Model  -  Design  and  manufacture  an  inter¬ 
nal  flow  air  intake  model  for  development  of  the  air  intake  flow  up 
to  the  eye  of  the  impeller.  (A  l/5th  scale  half  model  (upper  air 
intake  only)  for  installation  in  the  10  foot  diameter  tunnel  at  the 
Wright  Air  Development  Centre  is  suggested).  Design  and  manu¬ 
facture  an  installation  rig  to  suit  the  tunnel  facilities  and  instru¬ 
mentation  for  pressure  and  mass  flow  measurements.  Coordinate 
installation  and  conduct  tests  in  accordance  with  a  prepared  pro¬ 
gram.  Reduce  data  and  prepare  reports.  (Approximately  50 
hours  tunnel  time  required). 

8.  1.  1.  5  Small  Scale  Wind  Tunnel  Tests  -  Design  and  manufacture  small 
scale  models  as  required  for  testing  in  the  Company's  18"  x  18" 
low  subsonic  and  8"  x  11"  supersonic  wind  tunnel.  These  tests 
will  be  of  a  minor  nature  and  no  general  programme  is  envisaged 
at  this  time  but  data  will  be  analysed  and  reports  prepared. 

8.  1.  2  Ground  Effect  Tests:  Design  and  manufacture  a  20  "  scale  model 
incorporating  discrete  circumferential  jets  with  air  intake  and 
centre  exhaust,  and  an  installation  rig  to  suit  the  Company's  air 
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^  supply  facilities,  complete  with  balance  devices  and  adjustable 

(Cont'd) 

artificial  ground.  Conduct  tests,  reduce  data  and  prepare  reports. 

8.  1.  3  Internal  Flow  Tests; 

8«  1.  3.  1  Air  Intake  Internal  Flow  -  Design  and  manufacture  a  l/5th  scale 
internal  flow  half  model  (upper  air  intake  only)  for  static  suction 
tests,  using  a  Viper  engine  at  the  Company's  facility.  Design 
a  suitable  installation  rig  and  instrumentation  for  pressure  and 
mass  flow  measurements.  Conduct  tests,  reduce  data  and  prepare 
reports. 

3.  2  Nozzle  End  Loss  Test  Model  -  Design  and  manufacture  a  l/3rd 
scale  internal  flow  model  of  an  outer  wing  shutter  segment,  to 
suit  the  Company's  air  supply  facility,  and  an  installation  rig  with 
model  mounting,  balance  devices  and  suitable  instrumentation  for 
force  and  pressure  measurements.  Conduct  tests,  reduce  data 
and  prepare  reports. 

3  Single  Engine  Intake  and  Exhaust  Tests  -  Design  and  manufacture 
a  reverse  flow  cascaded  air  intake  duct  sind  an  engine  exhaust  full 
scale  diffuser  fantail,  both  for  installation  on  the  Viper  engine  at 
the  Company's  test  facility.  Design  and  manufacture  suitable 
instrumentation  for  pressure  and  temperature  measurement. 
Conduct  tests,  reduce  data  and  prepare  reports. 

8- 1-4  Propulsion  System  Tests  and-Qualification:  Design,  manufacture 
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8.  1. 4  and  erect  at  the  Company's  facility  a  full  scale  6  Viper  test  rig, 

(Cont'd) 

consisting  of  a  complete  representative  inner  portion  of  the  air¬ 
craft  structure,  together  with  the  6  engines  and  the  upper  and  lower 
centrifugal  impellers.  This  will  include  the  complete  inner  wing 
assembly,  the  complete  upper  and  lower  fuel  tank  assemblies  and 
the  centre  part  of  the  upper  and  lower  air  intake  assemblies. 


Design  and  manufacture  engine  mountings,  intakes,  exhaust  dif¬ 
fusers  accessories  location  et  al,  to  permit  the  installation  of  the 
6  Viper  gas  turbine  engines  in  the  structure  erection,  and  a  fuel 
system  to  permit  test  operation  of  the  6  engines  from  the 
Company's  test  house. 

Design  and  mcuiufacture  fire  protection  system;  the  control  system 
to  be  capable  initially  of  operating  the  6  engines  from  the  test 
house  and  ultimately  from  a  temporary  aircraft  cockpit  set  up  on 
the  structure  erection. 


Design  and  manufacture  the  necessary  electrical  system  capable 
of  handling  the  engine  accessories  and  fire  protection  control  from 
the  Company's  test  house,  (and  ultimately  from  the  temporary  air¬ 
craft  cockpit). 

Design  and  build  a  test  site  and  test  stand  with  suitable  security 
and  safety  precautions  at  the  Company's  facility,  complete  with 
fuel  storage  and  other  services  as  may  be  required.  Redesign  and 
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8.  1. 4  modify,  as  necessary,  the  Company's  existing  test  house. 

(Cont'd) 

Design  and  manufacture  suitable  instrumentation  for  pressure,  mass 
flow  and  temperature  measurements  and  engine  impeller  control.  Pro¬ 
vide  for  installation  of  the  upper  and  lower  centrifugal -impeller 
and  turbine  assemblies.  Conduct  tests  in  accordance  with  a  pre¬ 
pared  programme,  reduce  data  and  prepare  reports. 

Redesign  and  modify,  as  necessary,  in  the  light  of  test  results 
obtained,  and  conduct  qualifying  tests  for  experimental  flying. 


8.  1.  5  Control  System  Development  Tests  and  Qualification: 

8.  1.  5.  1  Oscillation  Rig  and  Shutter  Box  -  Design  and  manufacture  a  jet 

control  shutter  testing  rig  with  simulated  aircraft  control  system, 
the  control  stick,  or  its  equivalent,  operated  by  a  power  driven 
oscillator,  and  using  the  Company's  air  supply  facility.  Conduct 
development  tests  of  the  shutter  control  system,  as  required, 
reduce  data  and  prepare  reports. 

8.  1.  5.  2  Outer  Wing  Segment  and  Control  System  -  Design  and  manufacture 
a  full  scale  outer  wing  segment  assembly,  including  upper  and 
lower  shutters  for  installation  on  the  full  scale  6  Viper  propulsion 
system  test  rig.  Design  and  manufacture  the  aircraft  shutter  con¬ 
trol  system  for  installation  in  the  outer  wing  segment,  complete 
with  main  control  valve  and  pilot  stick  in  the  temporary  aircraft 
cockpit. 
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for  pressure  and  frequency  measurements  to  connect  to  the  pilot's 


stick. 


Conduct  tests  in  accordance  with  a  prepared  programme,  reduce 
data  and  prepare  reports.  Redesign  and  modify,  as  necessary,  in 
the  light  of  test  results  obtained,  and  conduct  qualifying  tests  for 
experimental  flying. 


8,  1.  6  Combustor  System  Development: 

Design  and  manufacture  a  combustion  system  testing  rig,  basic¬ 
ally  consisting  of  an  outer  wing  segment  containing  one  set  of  flame 
holders  and  one  pair  of  nozzles  to  be  tested  at  Orenda  Engines 
Limited,  Nobel  facility.  Design  and  manufacture  a  suitable  fuel 
system,  with  control  system  and  storage.  Provide  suitable  instru¬ 
mentation  for  the  measurement  of  pressure  temperature  and  mass 
flow.  Conduct  tests  in  accordance  with  a  prepared  programme, 
reduce  data  and  prepare  reports.  Redesign  and  modify  as  neces¬ 
sary  in  the  light  of  test  results  obtained  and  conduct  qualifying  tests 
for  experimental  flying. 


8.  2  Design  Study  and  Theoretical  Analysis 

The  following  design  study  and  theoretical  analyses  are  considered 
appropriate  to  the  next  phase  of  development. 

8.  2.  1  Weapon  System  Design  Studies:  Carry  out  preliminary  design  study 
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to  apply  the  AVRO  AIRCRAFT  LIMITED  vertical  take-off  design 

concept  to  the  following  weapon  systems: 

(i)  Reconnaissance 

(ii)  Interceptor 

(iii)  Tactical  Bomber 

Prepare  reports  which  will  include  drawings  showing  suitable  space 

provision  for  carrying  equipment  appropriate  to  the  above  roles, 

weight  analysis  to  include  such  equipment  and  performance  data. 

The  latter  will  demonstrate  speed  and  altitude  capability,  take-off 

landing  and  turning  performance  and  range  profiles  with  appropriate 

allowances  and  payload. 

8.  2.  2 

Weapon  System  Development  Plan:  Prepare  a  report  eiving  esti- 

mated  timing  and  costs  for  the  manufacture  and  development  of 

prototype  reconnaissance  aircraft  broadly  as  specified  by  (i)  above. 

The  report  will  specify  and  describe  the  aircraft,  material  facili¬ 
ties  and  tests  required  in  accordance  with  ARDC  M80-4,  and  give 

data  on  the  ability  of  AVRO  AIRCRAFT  LIMITED  to  carry  out  the 

Development  Plan. 

8.  2.  3 

Stability  and  Control  Analysis:  Analyse  and  determine  the  flight. 

behaviour  of  the  aircraft  in  response  to  gusts  or  pilot  demand 

over  the  whole  flight  range,  using  available  wind  tunnel  data  and 

mechanical  component  performance  as  obtained  from  tests 

described  in  section  8.  1.  5.  .. 
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8,  2.  4  Propulsion  System  Analysis;  Extend  the  existing  propulsion 

system  analysis  to  cover  the  off-design  performance  of  the  system 
using  data  obtained  from  tests  under  8.  1.  3  above,  measured  flow 
characteristics  for  the  Viper  engines  and  more  comprehensive 
analysis  of  expected  power  turbine  characteristics. 
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